INTRODUCTION {#sec1-1}
============

Intraoperative blood loss is considered to be one of the major complications in neurosurgical operations and is directly related to the postoperative morbidity and mortality of the patients.\[[@ref1]\] The substantial intraoperative bleeding that occurs often needs to be replaced with many units of blood and blood products in addition to the infusion of large volume of crystalloids. However, allogeneic red blood cell transfusion is associated with well-known adverse effects that can range from relatively mild allergic reactions, acidosis, citrate toxicity and hypocalcemia to severe anaphylactic reactions, transfusion associated lung injury, infectious disease transmission, circulatory overload and immunosuppression.\[[@ref2][@ref3]\] In addition, administering large amount of replacement fluids in the form of red blood cell or crystalloids are found to dilute the coagulation factors thereby resulting in disorder of coagulation and further increasing the surgical bleeding.\[[@ref4]\]

To overcome these problems associated with massive blood loss requiring transfusions, several strategies have been devised and investigated to reduce blood loss and thus the transfusion requirements. These strategies include developing preoperative erythrocyte mass using erythropoietin,\[[@ref5][@ref6]\] perioperative blood salvage in the form of preoperative autologous blood donation or intraoperative blood salvage using the cell saver,\[[@ref7][@ref8]\] normovolemic hemodilution\[[@ref9]\] and controlled hypotension.\[[@ref10]\] However none of these techniques are without complications.\[[@ref11]\] Complications associated with these techniques and considering the availability and cost-effectiveness, has led to the investigation of alternative hemostatic agents that include aminocaproic acid, tranexamic acid (TXA), desmopressin, aprotinin, and conjugated estrogens.\[[@ref12]\]

Tranexamic acid (trans 4 amino methyl cyclohexane carboxylic acid), an antifibrinolytic drug, inhibits the conversion of inactive plasminogen to the active proteolytic enzyme plasmin by competitively blocking of high affinity lysine binding site of plasminogen.\[[@ref13]\] This prevents plasmin from binding to fibrinogen and fibrin structures after clot formation.

Tranexamic acid has been successfully used in surgeries with high risk of blood loss such as cardiac, liver, vascular, and orthopedic surgeries.\[[@ref14][@ref15][@ref16][@ref17]\] Literature search did not reveal any randomized control trial that had used TXA as a means to reduce blood loss in neurosurgical patients undergoing craniotomy for excision of the tumor. Studies in neurosurgery are uncommon and limited.\[[@ref18][@ref19]\] Hence, we designed this study to know the efficacy of TXA in reducing blood loss in craniotomy for tumor excision surgery.

MATERIALS AND METHODS {#sec1-2}
=====================

Institute Review Board and Ethics Committee approved the study. After obtaining written informed consent, 100 patients in the age group of 18-60 years belonging to American Society of Anesthesiologists (ASA) 1 and 2 physical status posted for elective craniotomy for excision of the supratentorial tumor were enrolled for the study. Patients with preexisting renal and hepatic disorders, with bleeding diathesis/abnormal coagulation parameters (abnormal prothrombin time \[PT\], platelet counts), patient on aspirin or any anticoagulants a week before surgery and patients undergoing intracranial vascular surgeries were excluded from the study. Demographic data such as age, weight, and height were noted. Preoperative investigations that included hemoglobin (Hb), PT-international normalized ratio (INR), serum electrolytes, platelet count, fibrinogen, and hematocrit (Hct) were measured and recorded as the baseline value.

Anesthetic management {#sec2-1}
---------------------

In the operation theater, prior to induction of anesthesia, patients were continuously monitored with electrocardiography, non-invasive blood pressure, and pulse oximetry (SpO~2~). Baseline heart rate (HR), mean arterial pressure (MAP), temperature and SpO~2~ were recorded. General anesthesia was induced with fentanyl 2 mcg/kg and thiopental 5 mg/kg. Muscle relaxation was achieved with vecuronium 0.1 mg/kg. Monitoring following intubation included end tidal carbon dioxide (EtCO~2~), invasive blood pressure by cannulating radial artery. Central venous catheter was placed if required. Core temperature was monitored and maintained between 36°C and 37°C. About 20 min before the skin incision, patients were randomly allocated to one of the two groups based on computer generated randomization chart. Group TXA received TXA bolus of 10 mg/kg over a period of 10 min followed by 1 mg/kg/h. Saline group received an equal volume of saline. The patient and the anesthesiologist who performed the case were blinded to the study drug. Anesthesia was maintained with 1 ± 0.2 minimum alveolar concentration of isoflurane in 60% nitrous oxide and oxygen mixture. Ventilator parameters were adjusted to maintain an EtCO~2~ of 30-33 mmHg. Muscle relaxation was maintained with intermittent doses of vecuronium and morphine in a dose of 0.1 mg/kg was given for analgesia. HR, MAP, SpO~2~, urine output, temperature were recorded every 2 h. Two senior neurosurgeons, with experience of \>10 years, operated on all study cases to avoid surgical technique bias. The infusion of the study drug was stopped at the end of the surgery.

Blood loss assessment and management {#sec2-2}
------------------------------------

Intraoperatively, blood loss was determined from the surgical suction bottles, weighing sponges from the operative field and the volume of blood in surgical drapes. Meticulous care was taken to assess blood loss to avoid any observer bias. Blood loss was measured and recorded every 2 h. We also calculated an estimated blood loss (EBL) of each patient from Hb balance method\[[@ref20]\] using blood volume, preoperative and postoperative day 5 Hb (POD5 Hb). In our calculation, one unit of packed cell was considered to contain 50 g of Hb (personal communication with the department of transfusion medicine).

The extravasation of Hb (g) was calculated according to the formula.

Hb loss = (Hb pre-Hbe) × BV + Hbt.

Where,

Hb pre = initial preoperative Hb conc.

Hbe = Hb conc on 5^th^ postoperative day.

Hbt = total amount of allogenic transfused Hb (50 g)

The EBL was calculated using,

EBL (in mL) = 1000 × Hb loss/Hb pre.

Fluid therapy was managed by administration of crystalloid solution and colloid. Adequate replacement and maintenance of intravascular volume was guided by monitoring blood pressure, urine output (≥1 mL/kg/h), and central venous pressure whenever available. The amount of crystalloids and colloid given were recorded every 2 h. A uniform policy for transfusion of blood was followed. Blood was started in accordance with the practice guidelines for blood component therapy: A report by the ASA task force on blood transfusion and adjuvant therapy.\[[@ref21]\] Amount of blood transfused in each patient was recorded.

Laboratory parameters {#sec2-3}
---------------------

Laboratory parameters that included PT-INR, Hb%, serum, electrolytes, fibrinogen, and platelet count were measured every 3 h.

Postoperative management and follow-up {#sec2-4}
--------------------------------------

In the immediate postoperative period, vital parameters were noted and laboratory investigations for postoperative Hb, electrolytes, PT-INR, fibrinogen and platelet count were performed. Patients were either extubated or planned for elective ventilation based on the decision of consultant anesthesiologist. All patients were shifted and managed in neuro-intensive care unit and were followed-up for 5 days. On the 5^th^ POD, Hb and Hct level estimation was done. We assumed the blood volume would normalize by 5^th^ POD. Patients were monitored for any complications like allergic reactions to drug, any clinically evident deep vein thrombosis (DVT) or any other complications. Statistical analysis was carried out using SPSS (SPSS Inc.) statistical software version 16.

Statistical analysis {#sec2-5}
--------------------

Statistical analysis was carried out using SPSS statistical software version 16. Patients demographic, clinical and laboratory parameters were recorded. All continuous variables were tested for normality by using Kolmogorov-Smirnov test. Mean with a standard deviation were used to express the normally distributed variables. Patients demographic, clinical and laboratory variables were compared between TXA and saline groups by using Chi-square test for proportions and independent student\'s *t*-test for mean values. The number of patients who required blood transfusion was reported as percentages in each group and was compared by using Chi-square test. All statistical analysis was carried out at 5% level of significance and *P* \< 0.05 was considered as statistically significant.

RESULTS {#sec1-3}
=======

Tranexamic acid, an antifibrinolytic drug is found to decrease blood loss significantly in major orthopedic surgeries and has been proven in a large number of studies. The present study was designed to know the efficacy of TXA in reducing blood loss and intraoperative transfusion requirements in neurosurgical patients undergoing elective craniotomy for tumor excision.

In total 100 neurosurgical patients belonging to ASA 1 and 2 in the age group of 18-60 years undergoing craniotomy were included and randomized into two groups to receive either TXA or saline (50 each).

Demographics {#sec2-6}
------------

Patient demographic characteristics such as age, weight, and height were comparable in two groups. There were 57 female patients and 43 male patients presented in the study. The mean age of patient was 40.4 ± 13.8 in the TXA group and 39.78 ± 14.4 years in the saline group (*P* = 0.82). Preoperative Hb and INR were comparable in two groups. The pathological type of tumor of the study subjects was comparable in both the groups. The mean duration of surgery and anesthesia were comparable \[[Table 1](#T1){ref-type="table"}\].

###### 

Patient characteristics

![](SJA-9-42-g001)

Hemodynamic parameters {#sec2-7}
----------------------

The mean HR at 4, 6, and 8 h in TXA group was significantly less compared to saline group (*P* \< 0.05). The mean HR (bpm) in immediate postoperative period was 88.06 ± 8.5 and 96.74 ± 8.3 in the saline group (*P* \< 0.001) \[[Graph 1](#F1){ref-type="fig"}\]. MAP was higher in the TXA group compared with the saline group. There was a statistically significant difference in MAP between two groups at 4, 6, 8, and 10 h and immediate postoperative period (*P* \< 0.05) \[[Graph 2](#F2){ref-type="fig"}\].

![Comparison of heart rate (bpm) in two groups (\**P* \< 0.05). HR significant (*P* value \< 0.05) at 4, 6, 8 and postoperative period](SJA-9-42-g002){#F1}

![Comparison of mean arterial pressure (mmHg) in two groups (\**P* \< 0.05). MAP significant (*P* value \< 0.05) at 4, 6, 8, 10 hours and post operative period](SJA-9-42-g003){#F2}

Perioperative blood loss and intravenous fluid management {#sec2-8}
---------------------------------------------------------

Fluid input and output were comparable between the groups. There was no significant difference in crystalloid or colloid given or blood transfused in two groups. However, the total blood loss between the groups showed a statistically significant difference (*P* = 0.012) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of perioperative blood loss and intravenous fluid management in two groups
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There was a statistically significant difference in blood loss between two groups after 2, 4, 6, and 8 h (*P* \< 0.05). The mean total blood loss in the TXA group was 817.00 ± 423.3 mL and 1084.00 ± 604.8 mL in the saline group (*P* = 0.012) \[[Table 3](#T3){ref-type="table"}\]. Of 100 patients, 21 patients in TXA group and 30 patients in saline group received blood transfusions, which were comparable in two groups (*P* = 0.109).

###### 

Comparison of perioperative blood loss (ml) and Hct in two groups
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Laboratory parameters {#sec2-9}
---------------------

### Serum electrolytes {#sec3-1}

Serum sodium, potassium, and calcium were measured at 3, 6, 9 h and immediate postoperative period and it was found that there was no difference in the two groups.

### Fibrinogen {#sec3-2}

Baseline fibrinogen level between two groups was comparable. Fibrinogen levels were significantly higher in TXA group compared to saline group at 3, 6 and 9 h (*P* \< 0.05). In the immediate postoperative period, the fibrinogen level in TXA group was 370.6 ± 57.1 mg/dL and 308.2 ± 69.4 mg/dL in the saline group (*P* \< 0.001) \[[Graph 3](#F3){ref-type="fig"}\].

![Comparison of fibrinogen (mg/dL) in two groups (\**P* \< 0.05)](SJA-9-42-g006){#F3}

### Others {#sec3-3}

In the immediate postoperative period, Hb in the TXA group was 10.64 ± 1.3 whereas in the saline group was 10.02 ± 1.2 (*P* = 0.02). Comparison of postoperative Hct showed a significant difference between two groups (*P* = 0.003). The EBL and POD5 were comparable (*P* = 0.09) \[[Table 3](#T3){ref-type="table"}\].

DISCUSSION {#sec1-4}
==========

Intraoperative hemorrhage in neurosurgery often requires substantial intraoperative blood transfusion. Transfusion of homologous blood and blood products subjects patients to risks of infectious disease transmission, transfusion reaction, and immunosuppression.\[[@ref2][@ref3]\] Furthermore, replacement of massive intraoperative bleeding (\>50% TBV) with crystalloids and packed erythrocytes during the surgery can dilute the coagulation factors and further increase surgical bleeding.\[[@ref4]\]

Several strategies to reduce blood loss and transfusion requirements have been investigated.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10]\] However, none of these techniques are free of complications and the most important factor to consider would be the availability and cost effectiveness in use of these strategies. Hemodilution and controlled hypotension may compromise tissue oxygen delivery during rapid blood loss.\[[@ref11]\]

Tranexamic acid (trans 4 amino methyl cyclohexane carboxylic acid), an antifibrinolytic drug inhibits the conversion of inactive plasminogen to the active proteolytic enzyme plasmin by competitively blocking of high affinity lysine binding site of plasminogen.\[[@ref13]\] This prevents plasmin from binding to fibrinogen and fibrin structures after clot formation.

We randomized 100 neurosurgical patients undergoing craniotomy to receive either TXA or placebo. TXA was given in a dose of 10 mg/kg bolus followed by 1 mg/kg/h throughout the duration of surgery in the TXA group and an equal volume of saline in the control group. This dose is similar to dosage regimens used by Wong *et al*.\[[@ref22]\] and Kim and Bae\[[@ref23]\] in patients undergoing spinal fusion surgery. The same dose was utilized in our study to evaluate the efficacy of TXA in reducing intraoperative blood loss. The dose of TXA used by Sethna *et al*. in pediatric patients undergoing scoliosis surgery\[[@ref24]\] was much higher compared to our study.

Patient demographic characteristics were comparable in two groups. The mean age of patients in TXA group was 40.4 ± 13.8 in the TXA group and 39.78 ± 14.4 years in saline group (*P* = 0.82). The mean height and weight were comparable in two groups. Patients in two groups were also similar in preoperative laboratory variables (Hb and INR). There was no significant difference between the groups in terms of duration of surgery or anesthesia.

After the start of surgery 2 hourly recording of clinical parameters were performed which included HR, MAP, SpO~2~, blood loss, blood given and amount of intravenous (IV) fluid transfused. We found that the mean HR in TXA group was significantly lower compared with the saline group at 4, 6 and 8 h. The mean HR in immediate postoperative period was 88.06 ± 8.5 in TXA acid group and 96.74 ± 8.3 in the saline group (*P* \< 0.001). Similarly, the MAP remained high in TXA group as compared to the saline group (*P* \< 0.05). This difference could probably be explained by action of TXA that reduced blood loss and thus maintained a better hemodynamics in TXA group. In a study by Goobie *et al*.\[[@ref19]\] tranexamic acid was used to reduce perioperative blood loss in children undergoing craniosynostosis surgery. In contrast to our study, they found the measured HR, systolic blood pressure, diastolic blood pressure and MAP to be comparable between the two groups.

Although visual estimation of blood loss is considered imprecise,\[[@ref25]\] it continues to be the easiest, cost free, acquirable and most practiced method of blood loss estimation. It has been used in a large number of studies as a means of measuring blood loss and evaluating the need for blood transfusion.\[[@ref16][@ref22][@ref26][@ref27]\] Blood loss was determined intraoperatively from surgical suction bottles, weighing sponges from the operative field and the volume of blood in surgical drapes. Utmost care was taken in assessing blood loss to avoid any observer bias. We found a significant reduction in blood loss in the TXA group compared to saline group at 2, 4, and 6 h of surgery (*P* \< 0.05). At the end of 8 h, though blood loss was less in TXA group compared to saline group, it was not statistically significant. This could partially be explained by the fact that fibrinolytic activation is a cascade process that is most easily inhibited in its earlier phase and has little effect when heavy blood loss has already occurred.\[[@ref27]\]

The mean total blood loss in TXA group was 817.00 ± 423.3 and 1084.00 ± 604.8 mL in the saline group (*P* = 0.012). Our finding of reduced blood loss with TXA is consistent with previous randomized trials in a large number of orthopedic\[[@ref28][@ref29]\] (Spine, total hip replacement, total knee replacement), craniosynostosis\[[@ref19]\] and obstetrics.\[[@ref30]\]

A uniform transfusion policy was followed in our study to avoid any transfusion bias. Blood was started in accordance with the practice guidelines for blood component therapy: A report by the ASA task force on blood transfusion and adjuvant therapy.\[[@ref21]\]

Although prevention of allogenic blood transfusion was not the primary outcome of our study, we performed an analysis to determine the potential benefit conferred by TXA. It was found that the administration of TXA did not seem to reduce the incidence of allogenic blood transfusion. TXA group patients received 445.2 4 ± 229.6 mL of blood whereas it was 459.68 ± 247.4 mL in the saline group. However, the number of patients who received blood in the TXA group was less compared with the saline group. Out of 100 patients, 21 patients in TXA group and 30 in saline group received transfusion (*P* = 0.109). Our findings were similar to a study done by Wong *et al*. in patients undergoing spinal fusion surgery.\[[@ref22]\] Sethna *et al*.\[[@ref24]\] also found TXA to significantly reduce blood loss in pediatric patients undergoing scoliosis surgery (*P* \< 0.01), but the amount of blood transfused did not differ between groups. The reason for no reduction in blood transfusion requirements could probably be because of TXA that was used at a low dose in our study. In contrast, Goobie *et al*.\[[@ref19]\] had used a higher dose (50 mg/kg and 5 mg/kg/h) and thus found a significant reduction in the amount of blood transfused (*P* \< 0.01).

Fluid therapy was managed by administration of crystalloids and colloid. Decision regarding adequate replacement and maintenance of intravascular volume was guided by monitoring blood pressure and urine output. There was no difference in the total amount of IV fluids transfused between the two groups, which were similar to study by Neilipovitz *et al*.\[[@ref16]\] where total volume of crystalloids and colloids did not differ between the groups.

Laboratory parameters were recorded every 3 h and included Hb, PT-INR, platelet count, serum electrolytes and fibrinogen levels. We found fibrinogen levels to be significantly higher in the TXA group at 3, 6 and 9 h followed by immediate postoperative period. This occurs probably due to the action of TXA that inhibits fibrinolysis activation by blocking the conversion of inactive plasminogen to plasmin. This prevents plasmin from binding to fibrinogen and fibrin structures thus increasing the concentration of fibrinogen. Our findings were similar to study by Jansen *et al*.\[[@ref27]\] in patients undergoing total knee arthroplasty in which coagulation and fibrinolysis values were measured before administration and 8 h after the end of surgery and 24, 72 h after the operation. TXA treated patients showed increased fibrinogen concentration. In contrast, Wong *et al*.\[[@ref22]\] demonstrated no difference in coagulation profile, including fibrinogen levels between TXA and placebo group.

Serum electrolytes were comparable both preoperatively and intraoperatively at various time points. In the immediate postoperative period, patients in the TXA group had higher postoperative Hb and Hct levels than the saline group. This could be due to the reduction in blood loss by TXA and thus better hemodynamics. Results were similar to that found by Wong *et al*.\[[@ref22]\] who had studied the effect of TXA in 151 adult patients undergoing spinal fusion surgery and found the postoperative Hb to be significantly higher in the TXA group.

In our study, in addition to visual estimation of blood loss, we also calculated an EBL of each patient from Hb balance method using blood volume, preoperative and POD5 Hb.\[[@ref20]\] EBL showed no difference in two groups in our study. This was similar to EBL compared between two groups who received epsilon-aminocaproic acid and placebo by Cardenas *et al*.\[[@ref31]\] who found the difference in calculated blood loss between two groups were not significant. This is because of the variability in fluid status of an individual who was influenced by intravascular volume, shift of fluid to third space, fluids given, and urine output. Patients were clinically assessed daily for occurrence of any adverse effects or clinical symptoms of DVT. Similar to previous studies,\[[@ref16][@ref32]\] no patient in the study experienced a complication directly attributable to the use of TXA.

A limitation of our study is the assessment of intraoperative blood loss, which was susceptible to interobserver variability and bias. TXA was used at a low dose in our study that could probably be a reason for no reduction in blood transfusion requirements. Future dose ranging studies are necessary to determine the dose dependent benefits of TXA.

CONCLUSION {#sec1-5}
==========

The administration of TXA in a low dose resulted in a significant reduction in blood loss with better intraoperative hemodynamics. The fibrinogen levels were higher in patients who received TXA. However, there was no reduction in intraoperative blood transfusion requirements.
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